Phosphorus plays a major role in plant growth, but due to insoluble complex formation in soil, it is mainly unavailable for plants. Phosphate solubilizing bacteria dissolve phosphate and hence are regarded as biofertilizer. These bacteria are present in different habitats and screening of such habitats can introduce potent phosphate solubilizing bacteria as biologic fertilizer. The aim was finding such isolates from cabbage rhizosphere. Soil samples were enriched and screened using Pikovskaya's agar. Isolates were identified by phenotypic and genotypic methods. Their biological activities were also investigated. Four of these isolates had highest phosphate solubilization index (1.3 to 4.7) and phosphate solubilization efficiency (33.3 to 366.6). Inorganic phosphate solubilizing ability of these strains was 6.74 to 89.1 mg L -1 . The predominant organic acid found was oxalic acid for RK33 isolate. All phosphate solubilizing strains were able to fix nitrogen, while only RK24 and RK33 produced phytase. These isolates were Aeromonas sp., Proteus sp., Proteus mirabilis and Raoultella terrigena. Finally, it can be concluded that cabbage rhizosphere is a potent habitat for finding phosphate solublizing bacteria, which can be applied as biofertilizer, thus avoiding undesirable side effects of chemical fertilizers.
Screening cabbage rhizosphere as a habitat for isolation of phosphate-solubilizing bacteria Introduction
Phosphorus is one of the major essential macronutrients limiting plant growth because of its low bioavailability in soils (Tao et al. 2008) . Many biochemical and physiological activities in plants, such as photosynthesis, root system development, cell division, nitrogen fixation in legumes, resistance to plant pathogens, plant health and utilization of carbohydrate are dependent to the vital role of this element Guinazuet al. 2010; Karpagam, Nagalakshmi 2014) .
Phosphorus can be found in nature as organic and mineral forms (Kundu et al. 2009 ). The concentration of soluble P in soil is very low, varying from 0.001 mg L -1 in very poor soils to 1 mg L -1 in heavily fertilized soils. The forms of P that are taken up by plants from soil solution are phosphate anions (mainly H 2 PO 4 -and HPO 4 2-; Antoun 2012). Usage of phosphatic fertilizers in soil results in a significant amount of them (more than 70%) being rapidly converted into less available forms, because prior to their absorption by plant roots, they form insoluble complexes with Fe or Al in acid soils and Ca or Mg in calcareous soils (Hui et al. 2011) . As a result, plants can only take up 10 to 15% of the soluble P added as fertilizers during a year of application (Antoun 2012) . Soil salinity, accumulation of P, large losses of N, water eutrophication, accumulation of heavy metals in soils and plant system and low recovery by crops are consequences of excess and long-term application of phosphate fertilizers, which can cause environmental pollution (Tao et al. 2008; Savci 2012) .
One alternative is to increase P availability through biological approaches (Alam et al. 2002) . Several bacterial species are known to be involved in mineralization and solubilization of organic and inorganic phosphorus in soil, respectively (Panhwar et al. 2012; Karpagam, Nagalakshmi 2014) . Rhizospheric bacteria with phosphate solubilizing activity have been reported (Mittal et al. 2008) . The main strains with this capability belong to the Pseudomonas, Mycobacterium, Micrococcus, Bacillus, Achromobacter, Erwinia, Agrobacterium, Burkholderia, Flavobacterium, Rhizobium, Mesorhizobium, Arthrobacter, Alcaligenes, Serratia, Enterobacter, Acinetobacter and Sinorhizobium genera (Fernandez et al. 2007; Guinazu et al. 2010) . Various mechanisms, such as organic and inorganic acids production and secretion and phosphatase enzyme secretion, cause dissolution of mineral phosphates and hydrolysis of organic phosphates in soil (Yadav, Verma 2012) . Some organic acids produced by rhizospheric phosphate solubilizing bacteria (PSB) are citric, lactic, propionic, glycolic, oxalic, succinic, fumaric and tartaric acids (Ivanova et al. 2006) . These organic acids chelate the cations (Al, Fe, Ca) bound to mineral phosphate and transform them to soluble forms through their hydroxyl and carboxyl groups, making it available for plants (Panhwar et al. 2012) .
In recent years, use of phosphate solubilizing bacteria as biofertilizers for agricultural improvement has attracted the attention of researchers (Vessy 2003) . Biological fertilizers containing phosphate solubilizing bacteria could help to increase the availability of soil phosphorus, increase yield of plant, minimization of harmful effects of phosphate fertilizers, reduce environmental pollution and promote sustainable agricultural development (Chen et al. 2006) . Research on PSB can be a new approach to improve the absorption of phosphorus in agricultural soil. The aim of this study was to screening and characterization of potential phosphate solubilizing bacteria from cabbage rhizosphere, for use as biofertilizer.
Materials and methods

Sample collection
Rhizospheric soil samples were collected from three different cabbage fields located in Shushtar (32.0456° N, 48.8567° E), Iran. In each field three different locations were randomly selected and 100 g soil samples were harvested from surface to 30 cm depth of soil. Samples were immediately transferred to the microbiology laboratory and stored at 4 °C temperature before analysis.
Isolation of phosphate-solubilizing bacteria
Ten grams of soil from each sample was homogenized in a 250 mL Erlenmeyer flask containing 90 mL sterilized distilled water through continuous rotation at 180 rpm for 30 min (Hui et al., 2011) . A tenth ml of supernatant was cultured on Pikovskaya's agar medium (Glucose 10 g; tricalcium phosphate 5 g; ammonium sulphate 0.5 g; sodium chloride 0.2 g; potassium chloride 0.2 g; magnesium sulphate 0.1 g; yeast extract 0.5 g; manganese sulphate trace; ferrous sulphate trace and agar 15 g per 1 L of distilled water; pH 7.0 ± 0.2).The medium was supplemented with cycloheximide (50 µg mL -1 ) to inhibit the growth of fungi. The plates were incubated at 28 ± 2 °C in an incubator (Fan Azma Gostar, Iran) for 24 to 48 h. A clear zone around colonies were used as a clue for the presence of phosphate solubilizing bacteria. Different PSB isolates were selected on the basis of colony morphology. These isolates were purified on fresh Pikovskaya's agar medium and stored on nutrient agar at 4 °C (Ramani 2011) .
Determination of phosphate solubilization efficiency and solubilization index
The Pikovskaya's medium was modified by addition of 4.0 mL of 0.16% bromophenol blue solution (in ethanol) before sterilization and was used for determination of phosphate solubilization activity on the basis of formation of a clear zone around colonies. Phosphate solubilizing ability of each isolate was assayed by spotting 10 μL of bacterial inoculants at the center of Modified Pikovskaya's agar. Growth and solubilization diameter were measured after incubation at 30 °C for seven days. Solubilization efficiency (SE) and solubilization index (SI) were calculated using the following formulas (Qureshi et al. 2012) :
PSE (%) = halo zone diameter / colony diameter × 100; SI = (colony diameter + halo zone diameter) / colony diameter.
Determination of phosphate solubilizing activity
The phosphate solubilizing activity of PSB strains was quantitatively evaluated by using 25 mL of Pikovskaya's broth medium and 0.25 mL of bacterial inoculant (approximately 3 to 5 × 10 8 CFU mL -1 ) in a 100 mL Erlenmeyer's flask. Uninoculated medium served as a control and all flasks were incubated on a shaker (GfL 3021, Germany) for 5 days at 150 rpm and 30 °C (Hui et al. 2011) . Then the cultures were centrifuged at 11000 rpm for 10 min and the amount of released soluble phosphate in the supernatant was determined by the ascorbic acid method. In quantitative assay, the reaction mixture contained 1 mL of supernatant plus 9 mL of distilled water and 2.5 mL color reagent. The color reagent was freshly prepared by mixing 50 mL of antimonyl potassium tartrate solution (0.036 g antimony potassium tartrate [K(SbO)C 4 H 4 O 6 × 1/2 H 2 O] in 125 mL of 5N H 2 SO 4 ) with 12.5 mL ammonium molybdate solution (1.5 g ammonium molybdate [(NH 4 ) 6 Mo 7 × 4H 2 O] plus 31.5 mL distilled water). Both solutions were mixed and stirred while slowly adding 0.264 g ascorbic acid, and volume was adjusted to 100 mL. The optical density of developed blue color after 15 min was measured at 880 nm by a spectrophotometer (Optimize, Germany) and the concentration of available P (mg kg -1 ) was calculated (Watanabe, Olsen 1965; Alam et al. 2002) . The change in pH was measured (AZ, China) in supernatant after 5 days of incubation.
Determination of organic acid production PSB strains were cultured in Pikovskaya's broth medium and incubated on a shaker at 150 rpm for 5 days at 30 °C. Then cultures were centrifuged (11000 rpm, 10 min) and supernatant of each culture was monitored for oxalic acid, citric acid, malic acid and tartaric acid by thin-layer chromatography. Ten μL of samples were injected in the bottom of silica gel plates and developed with methanolammonium hydroxide (1:4) as the mobile phase. The plates were dried and then covered with 0.3% bromocresol green in solvent (water-methanol 4:1, with 8 drops of 30% NaOH). Presence of organic acids in samples was confirmed through visualizing the yellow spots on a green background. The detection limit of the method was 10 μg mL -1 for all analyzed acids.
Nitrogen fixation assay
Nitrogen fixation ability of isolates were examined using Dobereiner meduim containing bromothymol blue as an indicator. Each isolate was inoculated on this medium and incubated at 37 °C for 24 to 48 h. Yellow color change was regarded as qualitative evidence for atmospheric nitrogen fixation (Dobereiner 1972; Sgroy 2009 ).
Phytase production assay Four PSB isolates were inoculated into the phytase screening medium (1.5% glucose, 0.1% sodium phytate, 0.2% NH 4 NO 3 , 0.05% KCl, 0.05% MgSO 4 × 7H 2 O, 0.03% MnSO 4 , 0.03% FeSO 4 × 7H 2 O and 2% agar, pH 7.5) and incubated at 30 °C and 150 rpm for three days. The supernatant (15 min at 6000 rpm) was subjected to phytase activity assay (Mittal et al. 2011) . In qualitative enzyme assay, the reaction mixture contained 2 mL of supernatant plus 4 mL of substrate solution (0.84% solution of sodium phytate in buffer solution, pH 5.5). The buffer solution was prepared by dissolving 0.18 g acetic acid, 3 g sodium acetate × 3 H 2 O, 0.15 g CaCl 2 × 2H 2 O in 100 mL distilled water with adjustment of pH at 5.5 with pure acetic acid. The reaction was conducted at 37 °C for 65 min and then stopped by 4 mL of freshly prepared color reagent. The color reagent was prepared by mixing 25 mL of ammonium molybdate solution (10 g ammonium molybdate × 4H 2 O and 1 mL NH 3 (25%) in 100 mL distilled water) with 25 mL ammonium vanadate solution (0.235 g ammonium vanadate, 40 mL distilled water at 60 °C, with slow addition of 2 mL of nitric acid before dilution to 100 mL) and stirring while slowly adding 16.5 mL nitric acid (65%). Then the mixture cooled to room temperature and adjusted to 100 mL. The color change following phytase activity was measured at 415 nm. In blank reaction, the color reagent was added prior to the enzyme sample. One unit of enzyme was defined as the amount of enzyme that can release 1 μmol of inorganic phosphate in 1 min (Popanich et al. 2003) . A standard graph was plotted using potassium dihydrogen phosphate with working concentration ranging from 0 to 600 μM.
Identification of isolates
The phosphate-solubilizing bacteria were identified both by conventional biochemical tests described in Bergey's Manual of Systematic Bacteriology and also by 16S rRNA sequencing as follows. Genomic DNA was extracted and purified using a DNA extraction kit (Cinna Gen, Iran) and the 16S rRNA sequence was amplified using FD1 (5'-CCGAAT-TCGTCGACAACAGAGTTTGATCCTGGCTCAG-3') and RP1 (5'-CCCGGGATCCAAGCTTACGGTTACCTT-GTTACGACTT-3') primer (Weisburg et al. 1991 (Weisburg et al. 1991) . The amplification was confirmed in agarose gel electrophoresis (1% agarose, 2 μL safe stain) and sequenced (Macrogen, Korea). The obtained sequences were edited by Bioedit (version 7.0.4.1) and analyzed by the BLAST algorithm of NCBI. The phylogenetic tree was constructed by the neighbor-joining method using the MEGA version 4 through comparison with other sequences in GenBank.
Optimization of growth condition
Effect of pH (5.5, 7, 8.5) and temperature (25, 30, 35, 40 ºC) on growth condition of the RK33 strain were examined. Growth curve of this isolate was obtained in different pH and temperatures as triplicates. Erlenmeyer flasks (100 mL) containing 40 mL of the nutrient broth medium were inoculated with a 1% (v/v) inoculum. Non-inoculated medium served as a control. The flasks were incubated (150 rpm, 60 h) at various temperatures (25, 30, 35, 40 °C) . The optical density of the bacterial culture was measured at 580 nm every 2 h (Bio-Rad, USA). After selection of the best growth temperature, this isolate was cultured at the different pH values, i.e, 5.5, 7 and 8.5.
Optimization of phosphate solubilizing condition
Effect of various parameters, including temperature, pH, various nitrogen sources and various carbon sources on phosphate solubilizing activity was examined. All experiments were performed as triplicates. The Pikovskaya's broth medium was inoculated with inoculum (1%, v/v) and incubated at150 rpm for 5 days at various temperatures (25, 30, 35, 40 °C) . Non-inoculated medium served as a control. Phosphate solubilization activity was assessed by ascorbic acid method. Then the pH of Pikovskaya's broth medium was adjusted to 5.5, 7, 8.5 using NaOH (4N) or HCl (1N) and inoculated with RK33 isolate. Phosphate solubilization activity was evaluated by ascorbic acid method following incubation at 150 rpm for 5 days and the optimum temperature obtained from the previous step. For finding the effect of various carbon sources on phosphate solubilizing ability of RK33, different carbon sources including glucose, fructose and sucrose were used in Pikovskaya's broth medium. Temperature and pH were selected based on the obtained results; the isolate was inoculated and incubated at 150 rpm for 5 days. Phosphate solubilizing activity was studied as previously mentioned. Similarly, the effect on nitrogen source, including (NH 4 ) 2 SO 4 -yeast extract, urea and NaNO 3 was investigated. Finally, the effect of incubation period on phosphate solubilizing activity was surveyed by incubation of the inoculated optimized culture medium at 150 rpm for 3, 5 and 7 days and the activity was measured by ascorbic acid method.
Results
Isolation and screening of phosphate solubilizing bacteria
The soil samples from cabbage rhizosphere were screened for the presence of phosphate solubilizing bacteria on Pikovskaya's agar medium. As a result, 14 phosphate solubilizing strains were identified based on clear zone formation around colonies on PVK medium. The results of phosphate solubilizing efficiency (PSE) and phosphate solubilizing index (SI) of these isolates at 7 th day are presented in Table 1 . Among these isolates, four isolates had highest SI, ranging from 1.3 to 4.7 and PSE ranged from 33.3 to 366.6 which were selected for further studies. Among these four potent isolates, the strain RK24 had higher phosphate solubilizing efficiency and index (Table  1) . Modified Pikovskaya's agar containing bromophenol blue was used, as using this method a yellow color change can be obviously found as a result of acid production, making detection of a halo zone easier.
Phosphate solubilizing activity of the strains RK33, RK24, RK21 and RK25 were assayed in broth culture. The results demonstrated that the amounts of soluble P in the supernatants were in the range of 6.74 to 89.1 mg L -1 after five days of incubation (Table 2) . In this experiment, RK33 released the highest amount of soluble phosphate.
This isolate was selected for further studies. Increase in the amount of soluble phosphate with decrease in the final pH of broth media was observed; this decrease in the pH of the culture was associated with the production of organic acids due to phosphate solubilizing activity. Organic acid was not detected in all cultures, perhaps due to the limitation of the methodology we used. The predominant organic acid found was oxalic acid in the supernatant of RK33. Among four strains, only RK24 and RK33 strains were found positive for phytase production. All PSB strains were able to fix nitrogen ( Table 2) .
Identification of phosphate solubilizing bacteria
Phenotypic identification showed RK21, RK24, RK25 and RK33 strains as Aeromonas sp., Proteus sp., Proteus mirabilis and Raoultella terrigenia, respectively. 16S rRNA sequencing of the RK33 strain showed 98% homology with Raoultella terrigenia. Fig. 1 presents the phylogenetic tree anaylsis.
In optimization of growth condition of RK33 isolate, it was found that while RK33 isolate was able to grow at 25 and 35 °C, 30 °C was the optimum temperature for its growth (Fig. 2) . Furthermore, this isolate was able to grow in acidic, neutral and alkaline pH, but maximum growth yield was obtained at neutral pH (Fig. 3) . 
Discussion
Several soil bacteria associated with plant rhizosphere, are useful for plants. Some of them have the ability to dissolve inorganic phosphate and hence have potential use as biofertilizers in agriculture. Phosphate solubilizing bacteria have different mechanisms of action and also wide diversity and can be used in management of sustainable agricultural systems (Zaidi et al. 2009 ) Application of phosphate solubilizing bacteria in promoting soil fertility (Shokri et al. 2012) , enhancing biological nitrogen fixation (Mahantesh et al. 2011 ) and biological remediation of lead (Park et al. 2010 ) and cadmium (Jeong et al. 2012) polluted soil has been shown.
Apart from phosphate solubilizing abilities, some of these bacteria can have a direct consequence on plant growth by several different mechanisms, such as enhancing nitrogen fixation, production of phytohormones (indole-3-acetic acid, gibberellin), production of phosphatase and phytase enzymes and enhancing the availability of other trace elements etc. (Gyaneshwar et al. 2002; Walpola, Yoon 2012; Karpagam, Nagalakshmi 2014) . For example, in the study of Barea et al. (1976) , 20 isolates of phosphatedissolving bacteria of tested 50 isolates synthesized three types of plant hormones, including indole-3-acetic acid, gibberellins and cytokinins, while 43 isolates produced only indole-3-acetic acid. Gibberellins were produced by 29 isolates and 45 of bacterial cultures produced cytokininlike substances (Barea et al. 1976 ). Thus, intensive screening of phosphate solubilizing bacteria with genetic potential for increased resistance to extreme salt, pH and temperature in arid and semi-arid area, can help to choose the best bacteria for use in production of biological fertilizers (Mehta et al. 2001; Ramani 2011) . Several studies have reported the isolation of phosphate solubilizing bacteria from rhizospheric soil (Barea et al. 1976; Prasanna et al. 2011; Ghosh et al. 2012; Ambrosini et al. 2012) . In the present study, cabbage rhizosphere was selected for isolation of phosphate solubilizing bacteria. This habitat was chosen due to greater possibility of occurrence of phosphate solubilizing bacteria. Panhwar et al. (2012) found considerably higher number of PSB population in the rhizosphere in comparison with non rhizospheric or bulk soil. Barea et al. (1976) also screened several rhizospheric bacteria for phosphate solubilizing potential. PSB strains are commonly screened using Pikovskaya's agar, in which insoluble tricalcium phosphate is used as the sole source of phosphorus. The strains that can produce a clear zone around the colony are selected as having potent phosphate solubilizing ability (Chung et al. 2005) . However, the reliability of this halo-based technique is questioned, as many strains that did not produce visible halo zone on agar plates could solubilize insoluble inorganic phosphate in liquid medium (Nautiyal 1999; Fernandez et al. 2007 ). For example, in this study, RK25 isolate did not produce clear halo zone on agar plates, but had higher phosphate solubilizing activity in the broth medium. Similar results were reported by Hui et al. (2011) and Hariprasad and Niranjana (2009) . In this study, 14 bacterial isolates produced a halo zone around colonies; of these the four best isolates were selected based on the phosphate solubilizing index and efficiency. Results showed that among these four potent isolates, the RK24 strain was the most efficient phosphate solubilizer on PVK medium with SI 4.66 and PSE 366.6. These results are interesting in comparison with results found by Qureshi et al. (2012) and Ghosh et al. (2012) . Modified Pikovskaya's agar containing bromophenol blue as indicator was used, which can improve the clarity and visibility of the yellow-colored halo around colonies. Yellow colored halos are observed around the colonies in response to the pH reduction due to releasing organic acid. This result is in accordance with Nautiyal (1999); Rodriguez et al. (1999) and Mehta et al. (2001) .
RK33, RK24, RK21 and RK25 strains were selected for quantitative assay in the PVK broth medium; of these RK33 had higher P solubilizing ability with 89.1 mg L -1 . The phosphate solubilizing activity of the strains isolated from rhizosphere was examined by Chung et al. (2005) , Prasanna et al. (2011) and Sarkaret al. (2012) . In the present study, a linear relationship was observed between the pH and the released P by PSB strains (Table 2 ). This indicates that increase of released phosphorous in the broth medium (6.7 to 89.1 mg L -1 ) was parallel to a considerable reduction in pH (from 6.8 -7.0 to 4.8 -6.4) after 5 days. This was reported earlier by Chen et al. (2006) , Sharma et al. (2011 ), Xiang et al. (2011 ) and Gosh et al. (2012 . However, Tao et al. (2008) reported that there was no correlation between the pH of culture medium and the P mineralization by the organic phosphorus mineralizing bacteria, suggesting that mineralization of organic phosphorus may have different mechanisms of phosphorus solubilizing. Decrease of the pH owing to the production of organic acids like gluconic, fumaric, lactic, isovaleric, isobutyric, oxalic and citric acid was reported by several early researchers (Song et al. 2008; Ahmed, Shahab 2011; Walpola, Yoon 2012) . Those bacteria that produced halo zones around colonies in PVK medium were able to produce organic acids in broth culture. This result is in accordance with Ogut et al. (2010) . This is also in agreement with Mehta et al. (2001) , Chen et al. (2006) , Ivanova et al. (2006) , Ponmurugan and Gopi (2012) , and Karpagam and Nagalakshmi (2014) who recorded production of organic acids like butyric, malonic, succinic, malic, gluconic, acetic, glucenic, tartaric, gluconic, maleic, propionic, adipic and 2-ketogluconic acids by PSB in broth culture. Studies related to the production of organic acids have shown that citric and oxalic acids were two major organic acids produced by PSB (Alam et al. 2002) . In this study, the presence of oxalic acid, citric acid, malic acid and tartaric acid was investigated in the supernatant using thin layer chromatography technique. Production of citric and oxalic acid by RK33 and RK24 strains was confirmed and estimated to be about 10 mg mL -1 . Hariprasad and Niranjana (2009) examined organic acid production by phosphate solubilizing bacteria isolated using thin layer chromatography and reported variety of organic acids such as citric acid, oxalic acid, lactic acid and gluconic acid. Ogut et al. (2010) detected gluconic acid from Acinetobacter PSB strains. They reported that there was a linear regression between soluble P and gluconic acid concentration in the bacterial culture, and also that production of gluconic acid directly affected phosphate solubilization. Chen et al. (2006) reported production of citric acid, lactic acid, gluconic acid, succinic acid and propionic acid by PSB isolated from subtropical soil. Also, many of these isolates showed presence of multiple organic acids. Contradiction or similarities may be explained on the basis that type and quantity of produced acid depends on the PSB strain, media composition, growth conditions and several other factors (Alam et al. 2002) .
In this study, the indigenous strains isolated from cabbage rhizosphere were able to produce phytase enzymes and fix nitrogen, which are known to have beneficial effects on P solubilization as well as promotion of plant growth (Ponmurugan, Gopi 2006) . Production of phytase and N 2 fixation ability of PSB was reported by Hariprasad et al. (2009) and Panhwar et al. (2012) . For the RK33 isolate 30 °C temperature was the optimum temperature for growth and phosphate solubilization. The results showed that with increasing temperature, reduced solubilizing activity occur. Different temperatures have been reported by earlier workers for solubilization, most of them in the range 30 to 40 °C as optimum temperatures (Karpagam, Nagalakshmi 2014) . Results showed that the RK33 isolate was able to solubilize P in the pH range from 5.5, 7 and 8.5. Maximum P solubilization and growth was recorded at pH 5.5 and 7, respectively. When various carbon sources were used, it was found that PVK with glucose followed by sucrose gave maximum P solubilization. Maheswar and Sathiyavani (2012) found that incorporation of glucose followed by lactose increased solubilization of phosphate. Examining the effect of various nitrogen sources on phosphate solubilization revealed that (NH 4 ) 2 SO 4 -yeast extract had maximum P solubilization followed by urea. NaNO 3 addition resulted in much less P solubilization. Sagervanshi et al. (2012) revealed that (NH 4 ) 2 SO 4 showed maximum P solubilization followed by casein. Urea and NaNO 3 resulted in much less P solubilization.
Phosphate-solubilizing bacterial strains isolated were identified by biochemical tests; the strains RK21, RK24, RK25 and RK33 were identified as Aeromonas sp., Proteus sp., Proteus mirabilis and Raoultella terrigenia, respectively. Diversity of these bacterial genera showed that many bacteria have the phosphate-solubilizing ability and it is not exclusive to selective genera, suggesting the importance of preliminary screening for a wide range of bacteria to characterize their potential of phosphate-solubilizing activity (Gosh et al. 2012) . Enterobacter sp., Burkholderia sp. and Bradyrhizobium sp. (Fernandez et al. 2007 ), Pseudomonas sp. (Poonguzhali et al. 2008) , Bacillus sp. and Burkholderia sp. (Oliveira 2009 ), Micrococcus, Serratia, Bacillus and Klebsiella (Prasanna 2011) , Pseudomonas, Serratia, Enterobacter and Rhizobium (Ambrosini 2012) and Bacillus sp. (Zhang 2012; Xiang 2011) , have been reported as the potential PSB. As the RK33 strain showed the maximum phosphate solubilizing activity, it was subjected to molecular taxonomic studies for identification of this species. The 16S rRNA sequence of RK33 strain exhibited 98% similarity to Raoultella terrigena. To our knowledge, this is the first time that isolation of Raoultella terrigena from cabbage rhizosphere has been reported in Iran. Finally, based on these results it can be concluded that these isolates are potent phosphate solubilizing agents that can be applied as bio-fertilizer in agriculture and also for industrial purposes such as extracting phosphorus from phosphate rock.
